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METALLOPROTEINASE INHIBITORS FOR THE TREATMENT OF RESPIRATORY DISEASES 

Field of the Invention 

This invention relates to the treatment of respiratory diseases. 
Background of the Invention 
5 Many respiratory diseases have acute components, which include 

reduction of gaseous exchange due to acute effects involving constriction of the 
airways. This may be due to infection, bronchoconstriction, excess mucous and 
other mechanisms. In addition, this is often accompanied by a more serious and 
irreversible destruction of lung tissue. These effects combined lead to a steady 
10 loss of lung function, resulting in lower quality of life and shortened life 
expectancy. Such diseases include chronic obstructive pulmonary disease 
(COPD), chronic bronchitis, emphysema, asthma, cystic fibrosis (CF) and lung 
cancer. 

Matrix metalloproteinase enzymes are well known to have a central role 
15 in the tissue remodeling process. Inhibitors of these enzymes are under 
development for a number of therapeutic endpoints including inflammatory 
diseases (rheumatoid arthritis), oncology and periodontitis. Peptidic inhibitors 
of MMP enzymes have also been proposed for the treatment of lung diseases 
including COPD. 

20 The tetracycline antibiotics are a well known class of compounds. They 

are normally administered as systemic antibiotics by the oral route. Typically, 
a tablet or capsule containing 50 mg or more of the drug is administered daily 
over a short period, in order to treat infection. In COPD, the underlying condition 
(which may have an infectious element) is typically treated using a 

25 bronchodilator. 

Doxycycline and other tetracyclines are well known as moderate inhibitors 
of MMP enzymes. Doxycycline is registered, on the basis of this activity, for the 
treatment of periodontal disease. 

US-A-5773430 discloses that certain hydrophobic tetracycline derivatives 

30 inhibit serine proteinases and also metalloproteinases. CF is included among 
the conditions that can be treated. Among the tetracyclines, "doxycline" (sic) is 
mentioned, but such compounds are considered as unsatisfactory by comparison 
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with chemically modified tetracyclines and especially 4-de(dimethylamino)- 
tetracyclines. 

US-A-5789395 discloses that tetracycline compounds inhibit NO 
production. 
5 Summary of the Invention 

The present invention is based on studies that provides the first direct 
evidence concerning the viable efficacy of certain MMP inhibitors, and 
specifically the utility of doxycycline as a modulator of MMP's and TIMP's, in the 
treatment of COPD. In particular, and surprisingly, it has been found that 

10 doxycycline modulates the levels of MMP enzymes when dosed to diseased lung 
tissue that has been resected from COPD patients with concurrent lung cancer. 
Dosing of doxycycline to this tissue reduces the levels of key MMP's implicated 
in tissue destruction in COPD. Doxycycline demonstrated a significant reduction 
in levels of MMP enzymes, when compared to control experiments. Decrease 

1 5 in MMP levels has been shown to lead to a direct correlation with the slowing of 
progression of tissue destruction in analogous connective tissue disorders, for 
example in arthritis and cancer metastases; see Shalinsky et af t Invest. New 
Drugs (1998-9) 16(4):303-13. 

Surprisingly, in vivo, in addition to the effect upon MMP-9, it has now been 

20 demonstrated that doxycycline promotes significant increases in levels of 
TIMP-1 , the natural inhibitor of MMP-9, thereby potentiating the effect on MMP-9. 
Clinical data demonstrate for the first time multiple mechanisms of action for 
doxycycline. An ex vivo study shows the modest but useful inhibition of MMP-9 
expression/secretion. An in vivo study demonstrates that doxycycline also 

25 increases the expression/secretion of the natural inhibitor of MMP-9 (TIMP-1 ). 
These properties acting in concert allow doxycycline to exert potent MMP 
inhibitory activity, at doses effective for the treatment of tissue destruction- 
related diseases. 

Further, it is known that oral doxycycline is extensively metabolised in the 
30 liver and that, when given by a route of administration that avoids first pass 
metabolism, lung concentrations of the drug can be up to 10 times the level in 
plasma; see Bocker et a/, Arzeneimittelforschung (1981) 31(12):2116-7. In 
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addition, when given by the oral route, doxycycline is known to be v ry highly 
protein-bound, and therefore oral delivery may not be optimal for treating 
respiratory diseases. Administering doxycycline according to the invention for 
the treatment of COPD, by the inhaled route, thus maximises the benefit of the 
5 newly discovered MMP-modulating activity as well as encouraging high 
concentrations of drug in diseased tissue and by minimising the exposure of drug 
in plasma, which may be lost through plasma binding. 

These factors work in concert to minimise overall exposure to drug and 
its unwanted side-effects, which include its antibacterial and systemic side- 

10 effects; see BNF (Sept 2000) 264-5 and Physicians 1 Desk Reference ed.55 
(2001 ) 1 1 03 (Collagenex) and 2537 (Pfizer). Further such side-effects are due 
to MMP inhibition and concomitant tissue effects. More particularly, according 
to the invention, and even when used by the oral route, owing to accumulation 
in the lung, the drug may be used at doses that are lower than for the treatment 

1 5 of other MMP-mediated diseases. 

According to the present invention, doxycycline or another tetracycline 
antibiotic is used to treat a respiratory disease involving tissue destruction. More 
generally, based on the information provided herein, the active agent may be 
any that has an inhibitory activity of greater than 50% inhibition of MMP1 or 

20 MMP2 or MMP8 or MMP9 at less than 1 00 pM concentration in an enzyme assay 
and which also downregulates in COPD lung tissue MMP1 or MMP2 or MMP8 
or MMP9 to less than 50% of untreated levels at 100 pM, and/or an inhibitory 
activity greater than 50% inhibition of MMP1 or MMP2 or MMP8 or MMP9 at less 
than 100uM concentration in an enzyme assay which also upregulates TIMP-1 

25 in COPD sputum to more than 200% of untreated levels following repeated 
dosing at 100 mg once daily. 

The criticality of the roles of MMP and TIMP is illustrated by Vignola et 
al, Am. J. Respir. Core Med. (1998) 158(6): 1945-50. See Segura-Valdez et a/, 
Chest (Mar 2000) 1 17(3):684-94. 

30 Description of the Invention 

A compound suitable for use in the invention may be readily determined 
by the skilled person, based on the standard assays and other information 
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provided herein. For example, tetracyclines, including tetracycline antibiotics, 
are well known. Many such compounds have been disclosed and tested as 
antibiotics, and are suitable for use in this invention. See also Mitscher, The 
Chemistry of the Tetracycline Antibiotics, Marcel Dekker, New York (1978), 
5 Chapter 6. Examples include doxycycline, tetracycline and minocycline. The 
preferred active agent for use in this invention is doxycycline, and this drug may 
be discussed below by way of illustration. 

A compound for use in the invention has one or both of the inhibitory 
profiles given above. In the first such profile, the given concentration is less than 

10 1 00 pM, preferably less than 50 pM; for doxycycline, the value is about 20 pM. 
In the second profile, the upregulation is more than 200%, preferably more than 
500%; for doxycycline, the value is about 1 000%. Preferred compounds for use 
in the invention meet both these criteria, e.g. having at least one property that 
is at least as active as doxycycline. 

1 5 An alternative expression of a compound suitable for use in the invention 

is that the compound is doxycycline, minocycline or a chemically modified 
tetracycline which exhibits metalloproteinase inhibitory activity and substantially 
no antimicrobial activity in a mammalian system. Such tetracyclines are 
described in US-A-5789395 (the contents of this and other references given 

20 herein are incorporated by reference). 

For use in this invention, the tetracycline antibiotic is formulated for 
inhalation or oral administration, and administered to a subject suffering from a 
respiratory disease involving tissue destruction. The treatment may also 
address the acute infectious element, but is effective to treat the underlying 

25 tissue destruction that is present in some forms of lung disease, including COPD 
and CF. After a period of treatment, a reduction in infection is noted when the 
drug is administered at a dose appropriate as an anti-infective. At this dose and 
doses lower than necessary for use as an antibiotic, the rate of tissue destruction 
may also be reduced. 

30 Modern methods of delivery of drugs by the inhaled route allow dosing to 

the lower lung. This may be achieved through control of particle properties 
(including shape, size and electrostatic forces) using powder or liquid particle 
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formulation. Suitable particle sizes are up to 1 m^, or up to 5 [im or above, 
depending on the intended target. Such control can be utilised to deliver 
doxycycline (by way of example) throughout the lung, and to the lower lung 
where, through its MMP inhibitory activity, it will slow and potentially reverse the 
5 rate of ongoing tissue destruction. 

In particular, it has been found that it is possible to formulate tetracyclines 
in devices suitable for pulmonary del i very, and deliver them topically to the lung. 
This can be achieved using a range of pulmonary systems and formulation 
techniques known to those skilled in the art such as, but not limited to, for 

10 instance, nebulisers, multi-dose inhalers, dry powder inhalers and pressurised 
metered multi-dose inhalers. A tetracycline antibiotic such as doxycycline can 
be readily formulated for inhalation, e.g. with one or more conventional additives 
such as carriers, excipients, surface active agents etc. 

The amount of the active agent to be administered will be determined by 

15 the usual factors such as the nature and severity of the disease, the condition 
of the patient and the potency of the agent itself. These factors can readily be 
determined by the skilled man. By way of example only, a suitable inhaled daily 
dose of doxycycline is 1 mg to 50 mg. The amount can be selected such that 
there is no effective change in airway flora. More particularly, the dosage per 

20 inhalation can be less than 20 mg, preferably less than 10 mg, e.g. less than 5 
or even less than 2 mg. 

Further, the active agent may also be administered by any oral route that 
provides appropriate drug concentration at the site of lung tissue destruction. 
Surprisingly, the MMP-lowering effect is seen at doses of below those 

25 customarily used to treat infection. Thus, doses below 50 mg (of doxycycline, 
or an equivalent amount of another suitable drug) can be used by the oral route 
to treat the tissue destruction seen in COPD. More generally, an oral dosage 
may be below 200 mg, often below 100 or 50 mg, and may even be below 25, 
10, 5 or 1 mg. A suitable formulation for this purpose is a unit dosage such as 

30 a tablet or capsule. 

The condition to be treated by means of the invention may b , for 
example, COPD, chronic bronchitis, emphysema, asthma, CF or lung cancer. 
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These are chronic conditions, and so treatment will generally be for longer than 
if infection only is treated. Treatment may be for at least 2 or 4 weeks, and 
generally for longer, e.g. months or even years. 

It may be desirable to deliver tetracycline antibiotics to the lung in 
5 combination or concomitantly with other agents. These can be bronchodilators 
(e.g. beta agonists such as salmeterol orterbutaline, or anticholinergics such as 
ipratropium), antiinflammatories (e.g. steroids such as budesonide, 
beclomethasone or fluticasone, leukotriene antagonists and phosphodiesterase 
4 inhibitors), anti-trypsin, or other anti-infective agents. In some cases, it may 

10 be desirable to formulate the drugs separately within an inhaler device, to 
achieve different release rates within the lung, dependent on the characteristics 
of the individual drugs at the site of action. 

The studies on which the present invention is based will now be 
described. The data presented below demonstrate for the first time a multiple 

15 mechanism of action for doxycycline. The in vitro study shows the modest but 
useful inhibition of MMP-9 expression/secretion. The in vivo study demonstrates 
that doxycycline also increases the expression/secretion of the natural inhibitor 
of MMP-9 (TIMP-1). It is these two properties acting in concert that may allow 
doxycycline to exert surprisingly potent MMP inhibitory activity in the treatment 

20 of respiratory diseases. 
Luna Tissue Study 

This study was done to assess the effects of doxycycline on the release 
of matrix metalloproteinases by human lung tissue in vitro. 

Lung tissue from a human who had a greater than 20 pack year history 

25 as a smoker, was chopped and incubated overnight in serum-free medium (RPMI 
1 640) containing penicillin, streptomycin and gentamycin (culture buffer). On the 
following day, 2-3 fragments (total weight 50 mg) were placed in 0.8 ml of culture 
buffer and 0.1 ml of doxycycline (to give a final concentration of 10* 4 - lO^M) 
or a buffer control was added. 

30 After one hour's incubation at 37°C, the fragments were treated with 

either 0.1 ml of either a buffer control (unstimulated fragments) or 1000 U/ml 
interleukin-1 (final concentration of 100 U/ml IL-1). The fragments were then 
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incubated for 24 hours and the supernatant recovered; the tissue was weighed 
and stored at -70°C. 

The MMPs and TIMPs released into the supernatant were measured 
using commercial ELISAs (Amersham); values were expressed as ng of 
5 MMP/TIMP per mg of lung tissue. 
Human Study 

This was an open-label, ascending dose, cross-over study. Suitable 
subjects with chronic obstructive pulmonary disease (COPD) had their 
respiratory function assessed at baseline and provided sputum and blood for 
10 MMP and doxycycline levels. They then received 50 mg, 100 mg and 200 mg 
of doxycycline capsules for a period of 3 days in ascending order. At the end of 
each treatment period a further assessment of respiratory function was 
performed, and a sputum and blood sample was analysed for MMP, TIMP-1 and 
doxycycline levels. There was a 4-day wash out period between each treatment 
15 period of the study. 

The MMPs and TIMPs released were measured using commercial ELISAs 
as detailed above for the lung tissue study. 
MMP-1 Method Details 

MMP-1 levels are analysed by Elisa plates (Code No. RPN2610) from 
20 Amersham Pharmacia Biotech UK Limited, Amersham Place, Little Chalfont, 
BUCKS HP7 9NA. 

The Elisa is run as per manufacturer's instructions. 
SPEC 

• This Elisa is specific for total MMP-1; recognising 
25 proMMP-1, active MMP-1 and MMP-1 /TIMP-1 complex. 

• Range: 6.25 - 100 ng/ml. 

• Sensitivity: 1.7 ng/ml. 

• Suitable for use with cell culture, serum and plasma 
samples. 

30 • Time: 5.5 hour protocol. 

• Storeat-15to-30°C. 
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MMP-2 Method Details 

MMP-2 levels are analysed by Elisa plates (Code No. RPN2617) from 
Amersham Pharmacia Biotech UK Limited, Amersham Place, Little Chalfont, 
BUCKS HP7 9NA. 
5 The Elisa is run as per manufacturer's instructions. 

SPEC 

• This Elisa is specific for proMMP-2; recognising free 
proMMP-2 and MMP-2 complexed to TIMP-2, but not the 
active form of MMP-2. No cross-reactivity with MMP-1 , 3, 

10 7,8, 9andMT1-MMP. 

• Range: 1.5-24 ng/ml. 

• Sensitivity: 0.37 ng/ml. 

• Suitable for use with cell-culture, serum, plasma and tissue 
samples. 

1 5 • Time: -3.5 hour protocol. 

• Storeat-15to-30°C. 
MMP-9 Method Details 

MMP-9 levels are analysed by Elisa plates (Code No. RPN2614) from 
Amersham Pharmacia Biotech UK Limited, Amersham Place, Little Chalfont, 
20 BUCKS HP7 9NA. 

The Elisa is run as per manufacturer's instructions. 
SPEC 

• This Elisa is specific for free pro-MMP-9 and pro-MMP-9 
complexed to TIMP-1 . No cross-reactivity with pro-MMP-1 , 

25 2, 3, TIMP-1 and 2. 

• Range: 1-32 ng/ml. 

• Sensitivity: 0.6 ng/ml. 

• Suitable for use with cell-culture supernatant and plasma 
samples. 

30 • Time: -4 hour protocol. 

• Storeat-15to-30°C. 
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TIMP-1 Method Details 

TIMP-1 levels are analysed by Elisa plates (Code No. RPN2611) from 
Amersham Pharmacia Biotech UK Limited, Amersham Place, Little Chalfont, 
BUCKS HP7 9NA 

The Elisa is run as per manufacturer's instructions. 

SPEC 

• This Elisa is specific for total TIMP-1, free TIMP-1 and 
TIMP-1 complexed to MMPs. 
Range: 3.13-50 ng/ml. 
Sensitivity: 1.25 ng/ml. 

Suitable for use with cell-culture supernatant, serum and 
plasma samples. 
Time: 4-5 hour protocol. 
Store at -15 to -30°C. 



• 



15 Results 



Table I - MMP-1 Luna Tissue Study 



% of control 




% of IL-1 




+10-4 dox 


24.05 


+10-4 dox 


14.75 


+10-6 dox 


84.10 


+10-6 dox 


61.47 


+10-8 dox 


76.50 


+10-8 dox 


51.87 



20 



Table II - MMP-2 Luna Tissue Study 



% of control 




% of IL-1 




+10-4 dox 


34.34 


+10-4 dox 


49.23 


+10-6 dox 


219.33 


+10-6 dox 


86.86 


+10-8 dox 


101.47 


+10-8 dox 


95.75 



25 



Table III - MMP-9 Luna Tissue Study 



% of control 




% of IL-1 




+10-4 dox 


39.36 


+10-4 dox 


51.04 


+10-6 dox 


118.84 


+10-6 dox 


99.29 


+10-8 dox 


113.57 


+10-8 dox 


127.04 



30 
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Table IV -TIMP-1 Luna Tissue Study 



% of control 




% of IL-1 




+10-4 dox 


44.49 


+10-4 dox 


75.47 


+10-6 dox 


182.40 


+10-6 dox 


508.92 


+10-8 dox 


172.02 


+10-8 dox 


461.92 



Table V - MMP-9 & TIMP-1 Human Study 



Day of Study 


%Ol 


: control 




MMP-9 


TIMP-1 


4 


39.43 


116.24 


8 


12.85 


1101.03 


11 


29.17 


1528.49 


15 


22.41 


974.24 


18 


29.03 


1173.36 


Mean 


26.58 


978.67 



The lung tissue study shows that lung tissue treated with 1 0" 4 doxycycline 
shows a dramatic decrease in MMP-1, 2 & 9. 

The human patient study shows a 73% reduction in MMP-9 activity and 
20 a 1 0-fold increase in TIMP-1 . 
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CLAIMS 

1 . Use of a compound for the manufacture of a medicament for the treatment 
of a respiratory disease involving tissue destruction, wherein the compound has 
an inhibitory activity of greater than 50% inhibition of MMP1 or MMP2 or MMP8 

5 or MMP9 at less than 1 00 pM concentration in an enzyme assay and which also 
downregulates in COPD lung tissue MMP1 or MMP2 or MMP8 or MMP9 to less 
than 50% of untreated levels at 100 pM. 

2. Use of a compound for the manufacture of a medicament for the treatment 
of a respiratory disease involving tissue destruction, wherein the compound has 

10 an inhibitory activity of greater than 50% inhibition of MMP1 or MMP2 or MMP8 
or MMP9 at less than 100uM concentration in an enzyme assay which also 
upregulates TIMP-1 in COPD sputum to more than 200% of untreated levels 
following repeated dosing at 100 mg once daily. 

3. Use of a compound for the manufacture of a medicament for the treatment 
15 of a respiratory disease involving tissue destruction, wherein the compound has 

the activity given in claim 1 and the activity given in claim 2. 

4. Use of a tetracycline antibiotic for the manufacture of a medicament for 
the treatment of a respiratory disease involving tissue destruction. 

5. Use of a tetracycline compound for the manufacture of a medicament for 
20 the treatment of a respiratory disease involving tissue destruction, wherein the 

compound is doxycycline, minocycline or a chemically modified tetracycline 
which exhibits metalloproteinase inhibitory activity and substantially no 
antimicrobial activity in a mammalian system. 

6. Use according to any preceding claim, wherein the compound is 
25 doxycycline. 

7. Use according to any preceding claim, wherein the disease is a chronic 
condition. 

8. Use according to any preceding claim, wherein the disease is COPD, 
chronic bronchitis, emphysema, asthma, cysticfibrosis or lung cancer associated 

30 with COPD. 

9. Use according to any preceding claim, wherein the disease is essentially 
free of infection requiring an antibiotic. 
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10. Use according to any preceding claim, wherein the treatment does not 
affect airway flora. 

1 1 . Use according to any preceding claim, wherein the compound is used in 
combination with or concomitantly with an additional agent selected from 

5 steroids, PDE 4 inhibitors, sympathomimetic agents, anti-cholinergics, 
bronchodilators, theophylline, elastase inhibitors, leukotriene antagonists, and 
anti-inflammatories. 

12. Use according to any preceding claim, wherein the compound is used in 
combination with another anti-infective agent. 

10 13. Use according to any preceding claim, wherein the medicament is in the 
form of a unit dosage that contains the compound in an amount that is less than 
20 mg of doxycycline or an equipotent equivalent of another compound. 
14. Use according to claim 13, wherein the amount is less than 10 mg of 
doxycycline or equipotent equivalent. 

15 15. Use according to any preceding claim, wherein the medicament is 
adapted for administration by inhalation. 

16. Use according to any of claims 1 to 14, wherein the medicament is 
adapted for oral administration. 

1 7. A formulation of a compound as defined in any of claims 1 to 6, suitable 
20 for administration via an inhalation device. 

18. A formulation according to claim 17, in the form of a medicament as 
defined in claim 13 or claim 14. 

1 9. An inhaler device comprising a formulation according to claim 1 7 or claim 
18. 

25 20. A formulation of a compound as defined in any of claims 1 to 6, suitable 
for administration via the oral route, in the form of a unit dosage as defined in 
claim 13 or claim 14. 
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